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The magnetic properties of Fe38Pt62 and Fe52Pt48 films sputter deposited on MgO~001! substrates
with and without a buffer layer at the substrate temperatureTs of 300 °C have been investigated. Pt,
Au, and PtAu alloys with different compositions were used as the buffer layer to study the influence
of the lattice mismatch between the FePt layer and the buffer layer. TheL10 ordered structure with
large perpendicular magnetic anisotropy has been obtained for the Fe38Pt62 films irrespective of the
buffer layer. The degree of long-range orderSand uniaxial magnetic anisotropy energyKu increase
with increasing the lattice mismatch, andS and Ku show maxima of 0.860.1 and 2.7
3107 erg/cm3, respectively, for the film without a buffer layer. For Fe52Pt48 films, on the other
hand, theL10 ordered structure with perpendicular magnetic anisotropy has been obtained only for
the film with an Au buffer layer. ©2004 American Institute of Physics.
@DOI: 10.1063/1.1763000#
I. INTRODUCTION
For the last decade, the areal density of longitudinal
magnetic recording media has dramatically increased and has
exceeded 100 Gbit/in.2 which used to be called the limit of
magnetic recording.1 The ever-increasing demand for higher
areal density has pushed the goal up to the Tera bit magnetic
recording. In order to realize the ultra high-density magnetic
recording, the replacement of the currently used longitudinal
magnetic recording system with another one is required. Per-
pendicular magnetic recording,2 thermal assisted magnetic
recording,3 and patterned media4 have been considered as the
candidate techniques for the next generation magnetic re-
cording. In these systems, magnetically isolated ferromag-
netic particles with a lateral size below 10 nm are needed.
However, the instability of magnetization vectors caused by
thermal fluctuation is a significant problem for such nano-
meter sized particles. One of the possible solutions is to use
ferromagnetic materials with large uniaxial magnetocrystal-
line anisotropy.
L10 ordered FePt alloy with a large uniaxial magneto-
crystalline anisotropy (Ku57.0310
7 erg/cm3) ~Ref. 5! has
attracted much attention because it may overcome the ther-
mal fluctuation at reduced dimensions. Many studies to date
have been focused on the fabrication ofL10 ordered FePt
thin films with perpendicular anisotropy, considering the ap-
plication to perpendicular magnetic recording media.6–12 Al-
though the L10 ordered structure is thermodynamically
stable at room temperature, conventional methods such as
sputter deposition or molecular beam epitaxy without heat
treatment lead to the formation of the disordered FePt phase
with a fcc structure. In order to form theL10 ordered struc-
ture, a high temperature process, e.g., deposition on a heated
substrate and/or postannealing above 500 °C, is required.
However, this high temperature process is a drawback for
practical applications because of a lack of a high temperature
durability in currently used materials for hard disk drives.
Besides it also accelerates the grain growth in magnetic films
leading to the reduction of signal-to-noise ratio in recording
media. Several attempts on the low temperature fabrication
of FePt films were made: use of proper under layers,13 addi-
tion of third elements,14,15 annealing of multilayers,16,17 ion
irradiation,18 alternate monatomic layer deposition,19 high Ar
gas pressure during deposition,20 and in situ annealing.21
In a previous paper,22 we reported thatL10 ordered
structure with high perpendicular magnetic anisotropy was
obtained for FePt~001! films deposited on Pt buffered MgO
~001! substrates even at substrate temperatureTs of 300 °C
by shifting the composition of FePt phase to a Pt-rich off-
stoichiometric region. Around the stoichiometric Fe50Pt50
composition, on the other hand, poorL10 order and low
perpendicular anisotropy were obtained. We have also found
that the optimum composition to achieve highL10 order at
Ts5300 °C is different depending on the orientation of the
epitaxially grown FePt films.23 These results suggest that the
strain from the buffer layer plays a significant role for the
formation of theL10 ordered structure. In other words, it is
expected that more highly ordered state may be achieved at
low temperature by exploring a proper buffer layer.
In this paper, we have investigated the structures and the
magnetic properties of FePt~001! films sputter deposited on
MgO ~001! substrates atTs5300 °C with and without a
buffer layer. As a buffer layer, PtAu alloys with different
compositions were used to change the strain arising from the
lattice mismatch between the FePt layer and the buffer layer.
a!Author to whom correspondence should be addressed; electronic mail: go-
sai@imr.tohoku.ac.jp
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The effect of the strain on structures and magnetic properties
is also discussed.
II. EXPERIMENTAL PROCEDURE
Samples were prepared on MgO~001! single crystal sub-
strates using a magnetron sputtering apparatus. The base
pressure was below 131029 Torr, and high-purity argon
~.99.9999%! of 5.0 mTorr was flown during sputtering. An
Fe seed layer of 1 nm and a buffer layer~Pt, Pt75Au25,
Pt63Au37, or Au! of 40 nm were first deposited at room tem-
perature. The lattice constant of the buffer layer was changed
from 0.397 nm of Pt~Ref. 24! to 0.408 nm of Au~Ref. 25!,
leading to different lattice mismatches between the FePt
layer and the buffer layer. Then Fe and Pt were codeposited
at Ts5300 °C on the buffer layer. FePt films without an Fe
seed and a buffer layer, that is, directly deposited on a MgO
substrate were also prepared; the lattice constant of MgO is
0.421 nm,26 and in this case the lattice mismatch is the larg-
est of all the samples. The FePt layer thickness was fixed to
18 nm. The typical growth rate was 0.01 nm/s. The compo-
sitions of FePt layers and buffer layers were determined by
electron probe x-ray microanalysis. Two types of samples
with different FePt compositions were prepared. One was
Fe52Pt48 with nearly stoichiometric composition, which
showed a disordered phase.22,27 The other was Fe38Pt62 with
Pt-rich off-stoichiometric composition, the degree of long-
range order and uniaxial magnetic anisotropy of which
showed maxima for the film with a Pt buffer layer.22 X-ray
diffraction ~XRD! with Cu Ka radiation was performed for
structural characterization. The conventional 2u-u scan was
employed to determine the lattice constant in the normal di-
rection to the film plane and the degree of long-range order.
In addition, the 2u-u scan in the tilted sample was also per-
formed using a four-axes goniometer in order to determine
the in-plane lattice constant. The microstructure of the film
was observed by transmission electron microscopy~TEM!.
Magnetization curves were measured by a superconducting
quantum interference device magnetometer.
In order to determine the lattice mismatch between the
FePt layer and the buffer layer, the lattice constants of
a-plane,aFePt, andabuffer are defined in the following way:
For abuffer of Pt, Au, and MgO the bulk values are used.
24–26
abuffer of PtAu alloys have been calculated by the Vegard’s
law28 using the bulk values of Pt and Au. AlthoughaFePt of
fct-FePt could be experimentally obtained from the XRD
patterns of the film as shown later, the values of bulk fct-
FePt are used in order to evaluate the lattice mismatch com-
paring the FePt lattice without receiving the strain to the
buffer layer.aFePt at each composition has been calculated
using that of bulk Fe50Pt50 alloy
29 and the Vegard’s law.28





The values ofa and Da/a for Fe38Pt62 and Fe52Pt48 films
with each buffer are summarized in Table I. The values of
abuffer are almost equal to those experimentally obtained from
the XRD patterns which will be shown later.
III. RESULTS AND DISCUSSION
A. Structure
XRD patterns for Fe38Pt62 thin films with ~a! Pt, ~b!
Pt75Au25, ~c! Pt63Au37, and ~d! Au buffer layers and~e!
without a buffer layer are shown in Fig. 1. The unlabeled
sharp peaks are due to the MgO substrate. The angles of the
002 and 004 peaks of buffer layers denoted by open circles
shift to low angle side by changing the buffer layer materials
from a Pt buffer layer to no buffer layer, indicating that dif-
ferent lattice mismatches have been realized by changing the
buffer layer materials. The films are strongly textured to the
~001! planes, since only 00n diffraction peaks are observed
in the patterns. In addition to the fundamental FePt 002 and
004 peaks, the superlattice FePt 001 and 003 peaks associ-
ated with the formation of theL10 ordered structure have
been clearly observed for all the samples. The degree of
long-range orderS has been evaluated from the integrated
intensities of XRD fundamental and superlattice peaks ex-
tracted by numerical fitting. The detailed procedure for the
evaluation ofS was described elsewhere.7,19 The maximum
value ofS50.860.1 has been obtained for the film without
a buffer layer. The upper limit ofS for Fe38Pt62 is 0.76.
30
Although the evaluation ofS was performed taking into ac-
count the structure factor, the Lorentz polarization factor, the
Debye-Weller factor, and the decay factor with increasing 2u
angle, a finite error of'60.1 may remain inS obtained
TABLE I. Summary of lattice constantsa for FePt phases and buffer layers,
and the calculated lattice mismatches between the FePt layer and the buffer









Pt 0.397 3.5 4.3
Pt75Au25 0.400 4.2 5.0
Pt63Au37 0.401 4.5 5.2
Au 0.408 6.1 6.9
MgO 0.421 9.0 9.7
FIG. 1. X-ray diffraction patterns with CuKa radiation for Fe38Pt62 films
with ~a! Pt, ~b! Pt75Au25 , ~c! Pt63Au37 , and ~d! Au buffer layers and~e!
without a buffer layer.
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experimentally. The value ofS exceeding the upper limit at
Fe38Pt62 is caused by the error. The values ofS are shown
with an error bar, and the upper limit is in the range of the
error bar.
Figure 2 also shows XRD patterns for Fe52Pt48 thin films
with ~a! Pt, ~b! Pt75Au25, ~c! Pt63Au37, and ~d! Au buffer
layers and~e! without a buffer layer. The preferred crystal
orientation of the films is@001# similar to the results of
Fe38Pt62 films. Only diffuse superlattice peaks are observed
for the film with a Pt buffer layer. However, with changing
the buffer layer material from Pt to Au, in other words, with
increasing the lattice mismatch, the superlattice peaks begin
to appear, and the remarkable superlattice peaks are observed
for the film with an Au buffer layer. The intensities of super-
lattice peaks decrease again and the fundamental peaks also
become diffused for the film without a buffer layer. It should
be noted that the highL10 order ofS50.760.1 is achieved
by changing the buffer layer from Pt to Au even around the
stoichiometric composition.
The XRD u-2u scans around FePt 002 and 202 peaks
were performed using a single crystal diffractometer with
high accuracy ofu560.005° so as to determine the lattice
constantsa andc of the FePt layer accurately. As mentioned
above, the samples were tilted and 202 diffractions were ob-
served in order to measure the in-plane lattice constant. Fig-
ure 3 shows the results of XRD scans around the~a! FePt
002 and~b! 202 peaks for the Fe38Pt62 film without a buffer
layer. The angles 2u of FePt 002 and 202 peaks are obtained
by Gaussian fitting to be 48.31° and 69.85°, respectively,
leading toa50.385 nm andc50.377 nm. Therefore,c/a is
calculated to be 0.979, which is larger than 0.964 for sto-
ichiometric bulkL10 FePt.
29
Figure 4~a! shows the cross-sectional TEM image for the
Fe38Pt62 film with a Pt buffer layer. It is confirmed that the
FePt layer is grown with continuous morphology on the Pt
buffer layer. The enlarged high-resolution electron micros-
copy image@Fig. 4~b!# clearly shows a misfit dislocation at
the FePt/Pt interface. However, excellent crystalline coher-
ency between the Pt buffer and the FePt layers is also con-
firmed, indicating that the FePt layer is epitaxially grown on
the Pt buffer layer.
a andc, c/a, and unit cell volumea2c as a function of
Da/a are summarized in Figs. 5~a!, 5~b!, and 5~c!, respec-
tively. With increasingDa/a, a decreases andc increases for
both Fe38Pt62 and Fe52Pt48 films. As a result,c/a tends to
increase asDa/a increases.a2c keeps almost constant re-
gardless ofDa/a for each composition. The value ofa2c for
the Fe38Pt62 film is larger than that for the Fe52Pt48 film. Due
to a tensile strain between the FePt layer and the buffer layer,
c/a was initially expected to decrease with increasingDa/a.
However, the present results show different behavior from
the expectation. The XRD patterns~Figs. 1 and 2! show that
the increase ofc/a with Da/a does not arise from the for-
mation of the disordered fcc structure. Although the reason
for the increase inc/a with Da/a is not clear at present, one
possible reason is the effect of an excess number of misfit
dislocations at the interface between the FePt layer and the
FIG. 2. X-ray diffraction patterns with CuKa radiation for Fe52Pt48 films
with ~a! Pt, ~b! Pt75Au25 , ~c! Pt63Au37 , and ~d! Au buffer layers and~e!
without a buffer layer. FIG. 3. X-ray diffractionu-2u scans around~a! FePt 002 and~b! FePt 202
peaks for the Fe38Pt62 film without a buffer layer.
FIG. 4. ~a! A cross-sectional TEM image for the Fe38Pt62 film with a Pt
buffer layer, and~b! the high-resolution electron microscopy image of the
enclosed area in~a!.
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buffer layer. It was shown by the calculation that the strain
changes from tensile to compressive depending on the dislo-
cation density in the GaAs/Si heterostructure.31 Although the
quantitative evaluation of the misfit dislocation density is
very difficult in the present samples, the films with a large
Da/a may receive the compressive strain arising from an
excess number of misfit dislocations, leading to the increase
of c/a caused by this compressive strain.
B. Magnetic properties
Figure 6 shows the magnetization curves for Fe38Pt62
films with ~a! Pt, ~b! Pt75Au25, ~c! Pt63Au37, and ~d! Au
buffer layers and~e! without a buffer layer. Solid curves
denote the magnetization curves with applied fields perpen-
dicular (H') and broken curves denote those with applied
fields parallel (H i) to the film plane. The easy magnetization
axis is in perpendicular direction to the film plane for all the
samples. This corresponds to the XRD patterns shown in Fig.
1, where the superlattice peaks are clearly observed for all
the samples. In particular, the large perpendicular magnetic
anisotropy appears in the film without a buffer layer.
Uniaxial magnetic anisotropy energyKu was determined
from the area enclosed between the magnetization curves in
magnetic fields parallel and perpendicular to the film plane,
with the correction of shape anisotropy energy (22pMs
2).
The maximum value ofKu52.7310
7 erg/cm3 has been ob-
tained for the film without a buffer layer.
Figure 7 shows the magnetization curves for Fe52Pt48
films with ~a! Pt, ~b! Pt75Au25, ~c! Pt63Au37, and ~d! Au
buffer layers and~e! without a buffer layer. The easy mag-
netization axis lies in the film plane for the film with a Pt
buffer layer. As Au concentration in the buffer layer in-
creases, the easy magnetization axis changes from the in-
plane to the perpendicular direction. For the film with a Au
buffer layer, the easy magnetization direction is perpendicu-
lar to the film plane and the value ofKu51.4
3107 erg/cm3 has been obtained. For the film without a
buffer layer, however,Ku decreases again, which corre-
sponds to the decrease in the intensities of superlattice peaks
in Fig. 2.
C. Comparison between structure and magnetic
properties
S andKu as a function ofDa/a are shown in Figs. 8~a!
and 8~b!, respectively. Solid and open circles represent the
data for Fe38Pt62 and Fe52Pt48 films, respectively. AsDa/a
increases,S and Ku increase monotonically for Fe38Pt62
films, and the maximum values ofS50.860.1 and Ku
52.73107 erg/cm3 have been obtained for the film without
a buffer layer. On the other hand, for Fe52Pt48 films, SandKu
increase asDa/a increases, and the maximum valueS50.7
60.1 andKu51.4310
7 erg/cm3 have been obtained for the
film with a Au buffer layer. However,S andKu decrease for
the film without a buffer layer. One possible origin for the
increase inS with Da/a is considered as follows: assuming
that an excess number of misfit dislocations mentioned in
FIG. 5. ~a! The lattice constants ofa and c, ~b! c/a, and ~c! the unit cell
volumea2c as a function of the lattice mismatch between the FePt layer and
the buffer layerDa/a. Solid circles and triangles represent the data for
Fe38Pt62 films, and open ones represent the data for Fe52Pt48 films.
FIG. 6. Magnetization curves for Fe38Pt62 films with ~a! Pt, ~b! Pt75Au25 , ~c!
Pt63Au37 , and~d! Au buffer layers and~e! without a buffer layer. The mag-
netic field was applied in the perpendicular direction to the film (H' : solid
curves! and in the in-plane direction (H i : broken curves!.
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Sec. III A exist in the films, the dislocations are considered to
promote the atomic diffusion at low temperature leading to
the increase of chemical order. For the Fe52Pt48 film without
a buffer layer, however, the highL10 order is not achieved
probably because of the too large lattice mismatch. The in-
crease inKu with S is reasonable, and consistent with the
results reported previously.11,32
On the other hand, the increase inc/a with S is not
consistent with the relationship reported previously:22 c/a
decreased asS increased, andSwas evaluated from the value
of c/a in the case of bulk alloy33 or nonepitaxial films.17 In
the present films,S is high; while the crystal structure is
elongated along thec-axis direction by the compressive
strain induced from the buffer layer. This result suggests that
the relationship betweenS andc/a is not unique in the epi-
taxial films, but strongly depends on the growth condition.S
cannot be always evaluated fromc/a.
IV. CONCLUSIONS
In order to discuss the influence of the lattice mismatch
between the FePt layer and the buffer layer on the structural
and magnetic properties, we prepared FePt~001! films with a
variety of buffer layers and without a buffer layer on MgO
~001! substrates atTs5300 °C. As the lattice mismatch
Da/a increases,S, Ku , and c/a increase for both Fe38Pt62
and Fe52Pt48 films. The clear correlation betweenS and Ku
has been found, and is consistent with previous studies.
However, the relationship betweenS andc/a for the epitax-
ial films is different from the results reported previously. The
increase inS with c/a means that theL10 ordered crystal
structure is elongated along thec axis by the compressive
strain from the buffer layer. For the epitaxial films, the rela-
tionship betweenS and c/a is not unique. The Pt-rich off-
stoichiometric Fe38Pt62 films with each buffer layer and with-
out a buffer layer show theL10 ordered structure with high
perpendicular magnetic anisotropy. The maximum values of
S and Ku for the Fe38Pt62 film without a buffer layer are
0.860.1 and 2.73107 erg/cm3, respectively, whereas, the
high S and high perpendicular magnetic anisotropy have
been obtained for the Fe52Pt48 film with a Au buffer layer.
However, for the Fe52Pt48 film without a buffer layer,S and
Ku decrease because of the too large lattice mismatch. These
results indicate that the selection of an adequate combination
of the composition and the buffer layer is important to obtain
high Sand largeKu for FePt~001! films at reduced tempera-
ture.
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